
I. INTRODUCTION
The demands for nutritious and safe foods are growing worldwide as consumers are getting more conscious of their health. A new trend for consumption of healthy, innovative and convenient food has driven the gradual growth of fortified snack bars.
In some countries the consumption of snack bars is very popular and continuously increasing, which has prompted the food industries to invest in new bar formulations and ingredients. According to Euromonitor International (2013) the growth forecast of energy and nutrition snack bars from 2009 to 2014 was around 33% [1] . Snack bars are most often associated with ready to eat snack foods like energy bars and nutrition bars. They are a convenient, fortified snack-food containing a blend of simple and complex carbohydrates, protein, fat, fiber, vitamins and minerals [2] . Food industries have designed nutritional snacks bars for providing the necessary nutrients from high value and nutrient crops mixed with a variety of ingredients. Development of snack bars from cassava would enhance the nutritional and market value of the crop.
Several cassava products have been developed at the Department of Food Science and Technology of the Visayas State University due to the growing awareness and interest on this as a raw material in food processing. Snack bars made with cassava and fortified with peanuts and malunggay would introduce a novel product from the crop. Ingredients must be combined appropriately to ensure that they complement each other in the sensory and acceptability properties whereby optimization of the cassava snack bar formulation is necessary.
II. MATERIALS AND METHODS

A. Procurement of Materials
Dried cassava grates were obtained from the Philippine Root Crop Research and Training Center (PhilRootcrops). The cassava roots (Lakan variety) for cassava grates processing were secured from the experimental field of the Philippine Root Crop Research and Training Center (PhilRootCrops), Visayas State University, Visca, Baybay City, Leyte. Malunggay powder was secured from Sta. Cruz, Macrohon, Southern Leyte. The roasted peanuts were purchased at the Baybay Public Market and were ground into powder form using a Matstone Multipurpose Juice Extractor.
B. Variable Screening
For the preliminary studies, several factors that may affect the process and formulation are included in the screening experiment using the Plackett-Burman Variable Screening Design with eight runs and seven factors, with the low (-) and high (+) values for each variable. The screened variables include levels of cassava, malunggay, peanuts, baking soda, salt and sugar. Response variables include product acceptability on color, aroma, taste, texture, flavor and general acceptability.
C. Experimental Design: Central Composite Design
(CCD) The optimization experiment included three variables which gave the most significant effects on the product based on the results of the Plackett-Burman screening experiment. A 3 3 fractional factorial experiment was used following the Central Composite Design (CCD) of Experiment with 15 treatments for experimental combinations was used to further determine the optimum formulation of the product. The identified independent variables and the different levels (Table I) were as follows: cassava grates level (20, 40, 60% w/w), peanut level (10, 20, 30% w/w) and malunggay level (8, 16 , 24% w/w). 
D. Production of Raw Materials
The dried cassava grates secured from PhilRootcrops were processed following the methods of Tan and Orias (2008) as cited by Mesias, 2015 [3] . The process involved the following basic steps: peeling/ trimming, washing, grating, spinning, pulverizing/ finishing, drying, and packing. Peeling, washing, and packing the dried grates were done manually. On the other hand, grating, spinning, pulverizing, and drying were done using machines locally developed at PhilRootCrops.
Fresh malunggay leaves were blended with approximately 50 mL of water. Heating was carried out in a pan upon addition of sugar at a ratio of 1:1. Cooking was continued until the water became dry and powdery. The procured roasted peanuts used for processing were ground finely until a uniform size was achieved.
E. Preparation and Processing of Cassava Bars
All materials used were washed and sanitized prior to processing. The baking oven was pre-heated to 176°C while processing preparations were made. The wet ingredients composed of sugar, butter, eggs and vanilla were beaten at medium speed for 2 minutes until a creamy yellow color was attained. The cassava grates, malunggay powder, and ground peanuts were thoroughly mixed together with the other dry ingredients. The wet mixture was then folded into the dry mixture to make the batter. The batter was transferred into baking pans (323 mm x 228 mm x 46 mm) and baked at 176°C for 30 minutes. The baked product was then cut into rectangular shapes of approximately 450 mm x 150 mm x 250 mm in size. The product was then cooled and vacuum packed in polypropylene bags (152.4 mm x 304.8 mm x 0.003 mm) and stored for sensory evaluation.
F. Sensory Quality Evaluation
Sensory evaluation of the different experimental formulations was carried out using a laboratory test panel to determine the acceptability and description of the treatments in terms of color, aroma, texture, bitter taste, sweet taste, flavor and general acceptability. Laboratory evaluation of the sensory ratings was done using an Incomplete Block Design (IBD) as laid out by Cochran and Cox (1957) for the sample presentation [4] .
The plan was replicated twice to obtain a total of 14 observations per sample. Samples were served with randomly coded three-digit numbers and presented with the corresponding score sheet specific for each panel.
G. Statistical Analysis and Modelling
Response Surface Regression (RSREG) analysis was employed using Statistical Analytical Software version 9 (SAS, 2008) in the analyses of the sensory qualities and acceptability for all formulations of the product. The Statistica 8.0 software was used for the graphical presentation of the response surface plots.
H. Production Cost Determination
Production cost for each treatment was calculated based on the prevailing market price of raw materials, and other processing costs incurred during production. The cost was analyzed using surface regression analysis and was plotted as contour plot on ternary graph.
I. Verification Study
A rerun of the formulation of the optimum region was conducted to validate and determine the predictive ability of the model equations for each parameter. The sensory evaluation included 30 panelists. Results were then analyzed using paired t-test to compare the predicted and observed values of the optimum product.
III. RESULTS AND DISCUSSION
A. Preliminary Experiment
A preliminary experiment was carried out prior to optimization to serve as a guide in the identification of variables to be used in the optimization process. The Plackett-Burman Design with 7 factors and 8 runs was used as a screening design to determine the effects of these variables. The identified variables were the levels of the cassava grates, malunggay, peanuts, baking soda, salt and sugar. A single dummy variable completes the 7 factor screening design.
Peanuts and malunggay were selected since these variables could highly contribute to the added nutritional value of the product. Peanuts in particular, contain high amounts of protein which could compensate for the low protein content of cassava roots [5] . Based on the sensory and statistical results of the experiment, the variables identified for optimization using the Central Composite Design are the levels of cassava grates, peanuts and malunggay. The levels of all the process and the rest of the formulation variables were held constant.
B. Sensory Evaluation for Optimization Experiment
The different treatments of the cassava bars were subjected to sensory evaluation in order to determine the effect of the variables towards the product, as well as the product description and acceptability. The summary of Fratios from the Analysis of Variance (ANOVA) and parameter estimates using response surface regression are shown in Table II and Table III 
1) Color
Color acceptability of the product ranged from 6.29 to 8.00 with an overall response mean of 7.25 which falls to the "like moderately" in the 9-point Hedonic scale. Treatments with higher intensity of the brown color were more acceptable for the panelists compared to those with light brown color. Intensity of the brown color is increased in samples with low levels of cassava grates and higher acceptability ratings are also observed from these treatments.
The color descriptions, light brown to dark brown, of the product do not differ much from similar baked products available in the market. This may have contributed to the high acceptability ratings on product color since this does not deviate much from that of the observed color of similar baked products in the market. Analysis of Variance of the Response Surface Regression analysis on color acceptability shows that there is a significant linear effect in the linear terms of the equation (Table II) .
However, none of the variables was found to be significant in the parameter estimates (Table III) indicating a lumped linear effect. The total regression model is very highly significant showing that the independent variables significantly affect the fit of the model for color acceptability.
Table IV presents the contribution of each factor variable on the statistical fit of the model. These results show that coefficients of both the variables, cassava grates and malunggay, contributes a significant effect in the fit of the model in predicting the color acceptability of the product. Peanuts however, can be omitted without decreasing the fit of the model. The addition of cassava grates and malunggay to the cassava bars is a determinant of the color acceptability response on the product.
2) Aroma
The observed strength of the aroma description of the cassava bars were contributed mainly by the characteristic aroma of both the peanuts and malunggay, although intensity of the aroma from each factor may have been reduced with the levels of the relatively odorless cassava grates. Aside from the aroma contributed by the optimized variables, the greatest amount of aroma substances is formed during baking due to thermal reactions such as Maillard Reaction between reducing sugars and amino acids, caramelization of sugars and lipid thermooxidation (Rehman and Awan, 2011 [6] ; Cho and Peterson, 2010 [7] ; Heinio, 2006 [8] ) which are also contributed by the other ingredients in the formulation. Aroma acceptability ranged from 7.21 to 7.86 with an overall response mean of 7.49 corresponding to "like moderately" in the Hedonic scale. Analysis of Variance showed a significant linear correlation (Table II) , however a lumped linear effect was observed since none of the variables gave a significant result on the parameter estimates (Table III) . This implies that although the variables themselves gave a significant contribution on aroma acceptability, the experimental levels used and the interactions (cross product) between the variables did not contribute to the aroma acceptability response. The independent variables also have no effect on the fit of the model since total regression is not significant.
Canonical analysis of the results show that maximum aroma acceptability response with a stationary point of 7.86 (like moderately) is attained at 23.90% w/w cassava grates, 25.23% w/w peanuts and 14.48% w/w malunggay.
3) Texture
Varying the levels during optimization contributed to the differing texture descriptions of the different treatments (Table V) . Aside from the independent variables, sugar constitutes as one of the major ingredients in the formulation of the cassava bars. In bakery products, sugar is recrystallized as water is removed during baking, resulting in a crisp or crumbly texture. This crispness is increased by the effects of browning. Two different reactions are responsible for crust browning: caramelization and Maillard reaction [9] .
Malunggay may have affected texture considering that it is naturally alkaline [10] and must have reacted with the acidic ingredients in the formulation, hampering the leavening agent (baking soda) used. 
4) Sweet taste
Sugar is found naturally in whole foods and is often added to processed foods to sweeten them and increase flavor. Evaluation on the description of the intensity of the sweet taste in the cassava bars ranged from slightly sweet to moderately sweet. Treatment 14 with the lowest level of cassava grates and middle levels of both peanuts and malunggay were rated with the highest mean acceptability of 8.36 (like very much). Although the independent variables, peanuts and the powdered malunggay, have slightly contributed to the sweet taste of the product, sweetness of the cassava bars is largely attributed to the sugar added into the formulation.
Statistical analysis on the Analysis of Variance of the regression showed no significant result on any terms of the model. This supports the previously stated idea that the optimization factors do not have any influence on the fit of the model for the sweet taste acceptability response. Response surface plots show that there is a wide range of acceptable combinations of the levels of the factors that is within the acceptable region, ≥ 7.4 which correspond to "like very much" in the 9-point Hedonic scale.
At the coded radius of 1.0, the estimated response is at 8.022 (like very much) with 20.10% w/w cassava grates, 20.98% w/w peanuts and 16.10% w/w malunggay. Stationary point is a saddle, with which there is no point in which the sweetness acceptability response is either a maximum or a minimum. This means that the response curve for any one factor has a similar shape across levels of the other factors.
5) Bitter taste
Malunggay leaves when eaten raw have a slight bitter taste [11] . Influence of the addition of the malunggay powder to the bitter taste observed in the cassava bars was assessed during the sensory evaluation. Bitter taste descriptions ranged from none to slightly bitter, while acceptability ratings ranged from 7.0 to 8.36 (like moderately to like very much). Although bitterness is detected in some treatments, acceptability for treatments with the detectable presence of the bitter taste was still high ≥ 7.0 (like moderately) in the 9-point Hedonic scale. This may suggest that the slight bitter taste brought about by the addition of the malunggay powder to the cassava bars did not influence much its taste acceptability.
Analysis of Variance for the bitter taste response (Table II) showed a highly significant linear and significant cross product regression. However analysis of parameter estimates (Table III) depicts no significant linear terms indicating that only the presence of the variables has contributed to the significant effect on the bitter taste response. Interactions (cross product) between the two variables, malunggay and peanuts, have a highly significant effect on the bitter taste response of the product. This suggests that the characteristic taste of peanuts has positively counteracted the detectable bitter taste of malunggay thereby positively influencing the bitterness acceptability response. A significant analysis on the regression model identifies both the peanuts and malunggay as highly significant contributors (Table VI) in increasing the fit of the model. Canonical analysis shows that the predicted value at the stationary point for the response is at 7.69 (like moderately) found at the critical values of 55.51% w/w cassava grates, 13.29% w/w peanuts and 8.76% w/w malunggay. The stationary point is a saddle point implying that there is no unique minimum and maximum value for this response.
6) Flavor
Evaluation for the flavor description of the cassava bars was measured on the extent of the influence of the variables, peanuts and malunggay on the product. Almost all treatments were described to have a well blended flavor to a slight dominance of one of the two factors. Acceptability ratings ranged from 7.21 to 8.07 with a mean acceptability rating of 7.58 corresponding to "like moderately" in the 9-point Hedonic scale. Regression analysis for flavor acceptability showed a significant result in the Analysis of Variance (Table II) of the linear term. However, subsequent analysis in the parameter estimates showed no significant result, implying that only the presence of the variables themselves have influenced the flavor acceptability response. Surface plots illustrate the behavior of the flavor acceptability response as stimulated by the different levels of the variables. The predicted value of 7.44 at the stationary point is obtained with the combinations of 79.06% w/w cassava grates, 29.65% w/w peanuts and 29.65% w/w malunggay levels. This stationary point is a saddle indicating that the response has no unique maximum or minimum value.
7) General acceptability
Assessment of the overall acceptability of the cassava bars encompasses all the sensory attributes which would ascertain product acceptance. Mean general acceptability ratings ranged from 7.14 to 8.29 with an overall response mean of 7.58, which falls under the "like moderately" in the 9-point Hedonic scale. The highest mean acceptability is observed in Treatment 6, having the minimum levels of cassava grates and malunggay and the maximum level of peanuts.
Statistical analyses (Table II) revealed that a lumped linear effect is manifested by the general acceptability response. Similar to the aroma and flavor responses, the variables themselves have significant effect on the linear terms of the response yet this is not confirmed in the analysis of the parameter estimates. This implies that the independent variables have induced changes in the general acceptability response yet this is not observed in the levels used in the experiment. No specific maximum of minimum point is depicted in the graphs confirming that the stationary point is a saddle. The predicted value at the stationary point of 6.51 is located at the combinations of 83.97% w/w cassava grates, 21.83% w/w peanuts and 81.53% w/w malunggay.
8) Production cost
Production cost evaluation sums up the expenses incurred during production of the cassava bars. The quantity per pack for pricing was based on the existing commercial snack bars in the market. The cost of producing 50 g of the product ranged from Php 17.45 to 39.46 with an over-all response mean of Php 26.41. Treatment 5, with the minimum levels for all the optimization variables has the lowest cost while Treatment 3 with the maximum levels for all three variables has the highest cost. This indicates that higher amounts of the cassava grates, peanuts and malunggay added into the product would increase production yield thereby influencing product cost. The independent variables are added in solid form and moisture loss during baking would not be attributed to these variables.
Analysis of Variance showed significant results in all the regression parameters evaluated. Total model is very highly significant implying that all three variables are relevant to the fit of the model for the response on cost.
9) Attaining the optimum formulation for sensory acceptability
The contour plots generated for each sensory attributes were collectively evaluated and superimposed. Contour plots for variable combinations with an acceptability rating of ≥ 7.4 (like moderately) and maximum cost of Php 20.00 was set as the limits of the optimum regions.
The shaded regions (Fig. 1) illustrate the limiting attribute which separates these combinations. At constant malunggay level (Fig. 1a) , peanut levels which would give an acceptability rating of ≥ 7.4 in all the sensory attributes ranged from 27% w/w and above while the cassava grates level ranged from 16-37% w/w. Cost and texture acceptability limits the optimum region for this plot. Fig. 1b shows that at constant peanut level, optimum range for the levels of cassava grates and malunggay are at 15-54% w/w and 6-13% w/w respectively. Limiting factors for this region are the texture and the sweet taste attribute. Furthermore, at constant cassava grates level, the optimum range would be at 11% w/w peanuts and 12% w/w malunggay (Fig. 1c) . Both the texture and sweet taste attribute limit these regions for the malunggay versus peanuts plot. Considering the three superimposed figures with the corresponding optimum regions, the optimum formulation considered is at 35% w/w cassava grates, 22% w/w peanuts and 10% w/w malunggay. 
10) Verification
To ascertain the predictive ability of the model to estimate the acceptability response of the variable combinations in the formulation, a verification test was conducted. Table VII shows the model equations for each sensory parameter and the predicted acceptability values for the optimum formulation. Predicted and observed acceptability responses for the sensory parameters were compared using a single sample t-test (Table VIII) . Predicted acceptability values of the optimum formulation were generated and compared with the observed values obtained in the sensory evaluation. .043254*z -0.000466*x*x -0.000580*y*x -0.001151*y*y -0.001060*z *x -0.000781*z *y -0.000682*z*z (cross product) between the peanut and malunggay variable. The variables have significant effect on the total model of the color, texture and bitter taste acceptability response of the product. The model equations have high predictive ability in generating the product acceptability.
V. RECOMMENDATION Experimental panelists should be well oriented on the sensory parameter standards for the specific type of product. A wider consumer panel would also be an advantage in evaluating the market potential of the product. Further acceptability responses may be carried out to test the model equations.
